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(57) Abstract 

PROBLEM TO BE SOLVED: To obtain a billet containing a less 
quantity of a non metallic enclosure in a face layer part and an inside 
layer part of the billet by controlling a flow of a molten steel in a 
mold, by utilizing a magnetic field. 

SOLUTION: A process for continuous molding of steel comprising 
arranging magnetic poles 7, 8 standing against as upper and lower 
two stairs at the back face of a long side 2 of a mold to place the 
long side 2 of the mold between the upper and lower sides of a 
discharge hole 6 of a dipping nozzle 5 and controlling a flow of the 
molten steel 4 in the mold by charging magnetic fields, wherein the 
magnetic fields charged by the magnetic poles 7 and 8 are made so 
as to be (1) at least the magnetic field charged by the lower 
magnetic pole 8 is a magnetic field superimposed by a direct current 
static magnetic field (DC-StMF) and an alternating current shifting 
magnetic field (AC-ShMF) or (2) the magnetic fields charged by the 
upper magnetic pole 7 is a magnetic field superimposed by the 
DC-StMF and the DC-ShMF and the magnetic field charged by the 
lower magnetic pole 8 is the DC-StMF. 
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(54) [Title of the Invention] METHOD OF CONTINUOUS CASTINC^ OF 
STEEL i 
(57) [Abstract] j 

[Problem] To obtain a slab both of whose surface and internal 

) 

portions less contain non-metallic inclusions by making juse 
of a magnetic field to control a flow of molten steel in a mojld. 
[Means for Solution] A method of continuous casting of stpel 

in which above and below a discharge opening 6 of a submerged 

j 
\ 

nozzle 5,. upper side magnetic poles 7 that face each other with 
long side walls of the mold interposed therebetween and loWer 

side magnetic poles that face each other with long side wLll 

i 

of the mold interposed therebetween are disposed on rfear 
surfaces of the long side walls of the mold, a magnetic fiLld 
is applied with the magnetic poles, and thereby a flow of the 
molten steel 4 in the mold is controlled . In the above, ;( 1 ) 
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at least magnetic poles 8 located at the lower side applies 
a magnetic field in which a static magnetic field and an 
alternating shifting magnetic field are superposed, or (2) the 
magnetic poles 7 located at the upper side applies a magnetic 
field in which a static magnetic field and an alternating 
shifting magnetic field are superposed and the magnetic poles 

t 

located at the lower side applies a static magnetic field, 

i 
* 

t 

t 
* 

t 
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[Claims ] 

1- A method of continuous casting of steel in which above jand 
below a discharge opening of a submerged nozzle, upper slide 

* 

magnetic poles that face each other with long side walls; of 
a mold interposed therebetween and lower side magnetic polles 

* 

that face each other with long side walls of the mold interposed 
therebetween are disposed on rear surfaces of the long side 
walls of the mold, a magnetic field is applied with the magnetic 

t 
i 

poles, and thereby a flow of the molten steel in the mold' is 
controlled, wherein at least the magnetic poles located on the 
lower side apply a magnetic field in which a static magnetic 
field and an alternating shifting magnetic field &re 

i 

superposed . 

t 
t 

2. A method of continuous casting of steel in which above kn^d 

i 
i 

below a discharge opening of a submerged nozzle, upper side 
magnetic poles that face each other with long side walls! of 

a mold interposed therebetween and lower side magnetic poles 

i 

that face each other with long side walls of the mold interposed 

t 
i 

therebetween are disposed on rear surfaces of the long side 
walls of the mold, a magnetic field is applied with the magnetic 
poles, and thereby a flow of the molten steel in the moidi is 

controlled, wherein the magnetic poles located on the upper 

« 

side apply a magnetic field in which a static magnetic field 
and an alternating shifting magnetic field are superposed and 
the magnetic poles located on the lower side apply a static 

3 
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magnetic field * 
3. A method of continuous casting of steel as set forth! in 
claim 1 or claim 2, wherein a direct current coil and; an 

alternating current coil are independently disposed to the 

» 

magnetic poles, a direct current and an alternating currbnt 
are independently applied to corresponding coils, and thereby 
a magnetic field in which a static magnetic field and * an 
alternating shifting magnetic field are superposed : is 
obtained. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] The present 
invention relates to a method of continuous casting of steel 
in which a magnetic field is applied to molten steel in a mold, 
by an electromagnetic force generated by the magnetic filed 
and the molten metal, a flow of the molten steel in the mold * 
is controlled, and thereby a slab of steel both of which surface 

i 

portion and internal portion less contain nonmetallic 

inclusions can be obtained. 

[0002] 

i 

i 
1 

[Prior Art] In the continuous casting of steel, a discharge 
flow of molten steel that is discharged from a tundish through 

4 
t 

a submerged nozzle toward a short sidewall of a mold into the 
mold collides onto a solidified shell on a short sidewall of 
the mold, resulting in branching into a descending flow and 

4 
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an ascending flow. The descending flow intrudes into an 
un-solidified depth of the slab, and the ascending flow becomes 
a flow directing from the short sidewall of the mold to the 
submerged nozzle in a molten steel surface (hereinafter 
referred to as "meniscus") in the mold, resulting in causing 
disturbance such as a drift and swelling at the meniscus. 

Oxides mainly consisting of alumina that is a product formed 

i 

by deoxidization are brought riding on the descending flow to 
the un-solidified depth of the slab and captured inside of the 
slab, in addition, mold powder added onto the meniscus- is 
included in the molten steel because of the drift and swelling 
of the meniscus due to the ascending flow and captured in the 
surface portion of the slab. The nonmetallic inclusions 
caused by these are main causes of quality defect of the slab 1 . 
This phenomenon has been conspicuous as a discharge flow ra€e 
becomes higher accompanying an increase in an extruding speed 
of steel. : 

« 

± 

[0003] Accordingly, when the continuous casting is 
implemented, it is a concern how to simultaneously reduce the 
nonmetallic inclusions captured inside of the slab and in the 
surface portion thereof . As a countermeasure to overcome the 

f 
\ 

concern, there have been proposed many approaches in which- by 
applying a magnetic field to the molten steel and by making 
use of an electromagnetic force due to the magnetic field-, a 

* 

flow of the molten steel in the mold is controlled. 
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[0004] For instance, in Japanese Patent Laid-Open No HEI 

i 

3-142049, a method is disclosed in which between each pair! of 

■ 

an upper pair and a lower pair of magnetic poles that are 
disposed, respectively, at upper and lower portions of rear 
surfaces of long sidewalls of the mold that face each other, 
over an entire width of the slab, a static magnetic filed! is 
applied. According to the same publication, the descending 
flow is retarded by the static magnetic field applied at ihe 
lower portion, in addition, the ascending flow can be retarded 
by the static magnetic field applied at the upper portion. 
Accordingly, according to the publication, a clean slab' in 
which the product that is formed through deoxidizing reaction 
and mold powder are not captured can be produced. However, 
in. this method, since both of the descending and ascending flows 
are retarded, the flow of the molten steel in the mold is slowed 
down as a whole, in the solidified shell interface at a position 
corresponding to the slab surface portion, an ef feet . of 

i 

cleaning the nonmetallic inclusions due to the flow of the 
molten steel is reduced, and the product of the deoxidizing 
reaction and gas bubbles are captured in the surface portion 
of the slab. 

i 

[0005] m Japanese Patent Laid-Open No. HE I 1-150450 a 
technology ±. disclosed in which in the range of from 
substantially 1 . 5 m to 4 . 0 m below the meniscus, between 
magnetic poles disposed facing to each other with the slab 
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the 



interposed therebetween, a static magnetic field due tjo a 
direct current or a permanent magnet or a low frequency 
alternating magnetic field is applied, thereby the flow of 

» 

molten steel that goes past the magnetic field, that is, | the 
descending flow is retarded and dispersed, resulting, in 
decrease in the nonmetallic inclusions in the internal portion 
of the molten steel. However, in this technique, since *he 
magnetic field is applied at the lower portion of the moild, 
it is impossible to control the ascending flow, as a result/ 
the inclusion of the mold powder in the surface portion of 
slab cannot be hindered from occurring. 

[0006] In Japanese Patent Laid-Open No. SHO 64-2771, 
apparatus is disclosed in which a plurality of pairs ! of 
alternating shifting magnetic field generators due to a low' 
frequency alternating current is disposed at rear surfaces of 
long sidewalls of the mold with the mold interposed 
therebetween, the molten steel is moved in a direction in which 
the magnetic field moves, thereby discharge flow is decelerated 
or accelerated, resulting in controlling the flow of the molten 
steel in the mold. However, in this method, since the braking 
force works only in a direction in which the magnetic field 
shifts, this is insufficient as the braking means against 4he 
flow. Furthermore, when the magnetic field is too strong, the 
flow of the molten steel goes around, furthermore accompanying 
flow of the molten steel due to the shifting magnetic field 
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is caused. Accordingly, when the discharge flow rate and the 
intensity of the magnetic field are out of balance, the drift 

i 

or the swelling is caused at the meniscus, resulting [ in 
promoting the inclusion of the mold powder. : 
[0007] Furthermore, in Japanese Patent Laid-Open No. HE I 
6-226409, a method is disclosed in which an alternating 
shifting magnetic field generator is disposed above a position 

of a discharge opening of a submerged nozzle on a rear surface 

l 

of a long sidewall of the mold, therewith a magnetic field 
rotating in a horizontal direction is applied to rotate and 
agitate the molten steel at the meniscus, and by this flow of' 
the molten steel, an effect of cleaning the nonmetallic:" 
inclusions at the interface of the solidified shell is improved, 
resulting in reducing the nonmetallic inclusions in the surface 
portion of the slab. in addition to the above, a static 
magnetic field is applied to a position below the discharge 
opening of the submerged nozzle on the rear surface of the long 
sidewalls of the mold, thereby the descending flow is 

l 

decelerated, resulting in a decrease in the nonmetallic 
inclusions in the internal portion of the molten steel- 

i 

However, in this method, the flow rate of the molten steel at 
the meniscus is not necessarily controlled to the optimum value, 
on the contrary, because of the rotation flow due to the 

< 

shifting magnetic field, the flow rate of the molten steel 1 at 
the meniscus is accelerated, the inclusion of the mold powder 



8 
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is promoted, resulting in lacking stability of slab quality. 

t 

* 

[0008] : 
[Problems that the invention is to Solve] * 

4 
t 

Thus, all of existing methods that make use of the 
magnetic field for controlling the flow of the molten stkel 
in the mold are not sufficiently exhibiting the effect! in 
reducing the nonmetallic inclusions, that is, there is room 
for improvement- 

[0009] The present invention is carried out in view of the 
above situations and intends to provide a method for continuous 
casting of steel in which an alternating shifting magnetic 

r 
t 

field and a static magnetic field are applied superposed from 
the same magnetic poles and the flow of the molten steel: in 
the mold is controlled to be the optimum, thereby enablin g ; to 
obtain a slab both surface portion and internal portion of which 
contain less nonmetallic inclusions • 
[0010] 

[Means for Solving the Problems] A method for continuous 
casting of steel according to a first invention is one in which 
above and below a discharge opening of a submerged nozzle, upper 
side magnetic poles and lower side magnetic poles that face 
each other with the long sidewalls of the mold interposed 

i 

therebetween are disposed on rear surfaces of the long 
sidewalls of the mold, and with these magnetic poles a magnetic 
field is applied to control the flow of the molten steel 'in 
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the mold* In the above method, at least a magnetic f ileld 
applied by the magnetic poles located at the lower side is one 
in which a static magnetic field and an alternating shifting 
magnetic filed are superposed, 

[0011 ] when the molten steel moves in the static magnetic f ield, 

an eddy current is caused in the molten steel. Because of the 

• i 

eddy current and the static magnetic field , in an opposite 
direction to that of movement of the molten steel, ■ an 
electromagnetic force works and the flow of the molten stjeel 
is retarded. In the present invention, from the lower s|ide 

■ 

magnetic poles disposed opposed at lower side than the 

i 

discharge opening of the submerged nozzle, a magnetic field 
in which the static magnetic field and the alternating shifting 
magnetic field are superposed is applied to the molten steel. 
The static magnetic field of the superposed magnetic field is 

* 

applied between the magnetic poles that face each other, tjhat 
is, applied penetratingly through the long sidewalls of the 
mold to the molten steel. Accordingly, the discharge flow that 
moves in the static magnetic field is braked and retarded. I As 
a result, the descending flow that branches from the discharge 
flow is decelerated and does not intrude into the depth of the 
un-solidified layer of the slab. Thereby, a clean slab whose 
internal portion is free from oxides mainly consisting 1 of 
alumina that is a product of the deoxidizing reaction can be 

r 
I 

obtained. Furthermore, the ascending flow that branches from 
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the discharge flow is also decelerated, thereby turbulence of 
the flow such as drift and swelling at the meniscus can be 

i 

hindered from occurring. 

■ 

[0012] Furthermore, owing to the alternating shifting 
magnetic field of the superposed magnetic field, the molten 
steel in the mold is forcibly rotated and agitated ih a 
horizontal direction. Accordingly, the molten steel at a 
position corresponding to the surface of the slab is rotated 
and moved, and as a result of the movement of the molten steel, 
an effect of cleaning the nonmetallic inclusions at the 
solidified shell interface can be secured, thereby the capture 
of the products due to the deoxidizing reaction such as alumina 
and gas bubbles in the surface of the slab can be hindered from 
occurring, resulting in an improvement in cleanliness of the 
surface of the slab. 

[0013] a magnetic field applied from the upper side magnetic 
poles disposed opposed at the upper side than the discharge 
opening of the submerged nozzle can be selected from any one 
of the static magnetic field, alternating shifting magnetic 
field, or a superposed magnetic field of the static magnetic 
field and the alternating shifting magnetic field. When the 
static magnetic field is used, since the flow of the molten 
steel at the meniscus can be directly decelerated, the flow 
of the molten steel at the meniscus can be stabilized, thereby 
turbulence of the flow of the molten steel such as drift or 
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the swelling can be hindered from occurring, resulting! in 
hindering the inclusion of powder into the slab from occurring. 
When the alternating shifting magnetic field is used, ;the 
molten steel at the meniscus can be rotated and agitatedl in 
a horizontal direction, thereby an effect of cleaning the 
nonmetallic inclusions at the solidified shell interface due 

i 
i 

to the flow of the molten steel can be improved, resulting in 
a decrease in the nonmetallic inclusions at the surface of the 
slab. At that time, since even the lower magnetic poles 
facilitate rotating and agitating in the same direction,- an 
agitating force of the upper magnetic poles can be reduced. 
Accordingly, since the flow of the molten steel at the meniscus 
is not excessively accelerated, the mold powder can be hindered 
from including. Still furthermore, when the superposed 
magnetic field of the static magnetic field and the alternating 
shifting magnetic field is used, the effects from both of the 
static magnetic field and the alternating shifting magnetic 
field can be expected. ' 

[0014] When the magnetic fields are applied thus superposed, 
the magnetic field that can exhibit two kinds of different 
effects can be disposed in a plurality of stages in a narrow 
mold. 

i 
i 

[0015] A method for continuous casting of steel according 1 to 

i 

a second invention is one in which above and below a discharge 
opening of a submerged nozzle, upper side magnetic poles and 
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lower side magnetic poles that face each other with the long 
sidewalls of the mold interposed therebetween are disposed on 

■ 

* 

rear surfaces of the long sidewalls of the mold, and with these 
magnetic poles a magnetic field is applied to control the fjlow 

t 

of the molten steel in the mold . in the above method , a magnetic 
field applied by the magnetic poles located at the upper slide 

■r 

is one in which a static magnetic field and an alternating 
shifting magnetic filed are superposed, and a magnetic field 
applied by the magnetic poles located at the lower side is a 
static magnetic field. 

[0016] in the present invention, the static magnetic fijsld 
is applied from the lower side magnetic poles disposed opposed 
at the lower side than the discharge opening of the submerged 

t 

nozzle . Accordingly , as mentioned above , since the descending 
flow does not intrude into the depth of the un-solidif ied layer 
of the slab, a clean slab whose internal layer portion is free 
from the oxides mainly consisting of alumina that is the product 
of deoxidizing reaction. 

[0017] Furthermore, the magnetic field obtained . by 
superposing the static magnetic field and the alternating 
shifting magnetic field is applied from the upper side magnetic 
poles disposed opposed at the upper side than the discharge 
opening of the submerged nozzle. Owing to the alternating 
shifting magnetic field of the superposed magnetic fields, the 
molten steel in the mold is forcibly rotated and agitated ! in 
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a horizontal direction, in addition, owing to the static 
magnetic field of the superposed magnetic fields, the flow 1 of 
the molten steel at the meniscus is decelerated. Thus, as 
mentioned above, an effect of cleaning the inclusions ! is 
secured and the mold powder is inhibited from including, 
resulting in an improvement in cleanliness of the surface 
portion of the slab. 

[0018 J A method of continuous casting of steel according, to 
a third invention, in the methods of continuous casting of steel 
according to the first or second invention, includes 

4 
I 

independently disposing a static coil and an alternating coil 
for the magnetic poles, independently applying a direct current 
and an alternating current to the corresponding coils, and 
generating a magnetic field in which the static magnetic field 
and the alternating shifting magnetic field are superposed. 
[0019] Since the direct current and the alternating current 
are independently applied, the magnetic flux density of the 
static magnetic field and that of the alternating shifting 

i 

magnetic field that are superposed on the former can : be 
separately decided. Accordingly, the flow control of the 
molten steel in the mold can be made furthermore easily, 
resulting in producing the slab high in the cleanliness J 
[0020] 

[Embodiments] The present invention will be explained with 
reference to the drawings . Fig. i is schematic sectional front 
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t 

view of a casting portion of a continuous casting system; to 
which the present invention is applied and in which a section 
of a slab is rectangular. Fig. 2 is a schematic diagram showing 
a sectional side view, and Fig. 3 is a schematic diagram showing 

! 

a partial section along an X-X surface of Fig. 2. 
[0021] In the figures, a mold 1 is made of opposite long 
sidewalls 2 of the mold and opposite short sidewalls 3 of the 
mold, the short sidewalls 3 being installed inside of the 
opposite long sidewalls 2 . Above the mold 1 , a not shown 

* 

tundish that accommodates molten steel 4 is disposed, and the 
molten steel 4 in the tundish is allowed discharging a discharge 
flow 12, through a submerged nozzle 5 disposed at a bottom 

r 

Potion of the tundish, from a discharge opening 6 that - is 
disposed at a bottom of the submerged nozzle 5 and submerged 
in the molten steel 4 in the mold 1 toward the short sidewalls 
3 of the mold into the mold 1. Then, the molten steel 4 \ is 
cooled in the mold 1 and forms a solidified shell 13, and the 
solidified shell is continuously extruded from the mold 1 

t 

downward and forms a slab. On a meniscus 14 in the mold'l. 
as a heat insulating agent of the molten steel 4 and a lubricant 
between the solidified shell 13 and the mold 1, mold powder 

i 

15 is added. 

# 
i 

[ 0022 ) At upper portions of rear surfaces of the long sidewalls 
2 of the mold, with a center in a casting direction disposed 

t 4 

above the discharge opening 6, upper magnetic poles 7, 7 are 
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oppositely disposed at positions that sandwich the lbng 
sidewalls 2 of the mold and contain the meniscus 14 , and the 
upper magnetic poles 7, 7 are joined together with a return 
yoke 11 behind the short sidewalls 3 of the mold. Furthermore, 
at lower portions of the rear surfaces of the long sidewalls 

2 of the mold, with a center in a casting direction disposed 
below the discharge opening 6/ lower magnetic poles 8, 8 are 
oppositely disposed with the long sidewalls 2 of the mold 
interposed therebetween, and the lower magnetic poles 8, 8 are 
joined together with a return yoke 11 behind the short sidewalls 

3 of the mold. On a side of one long sidewall 2 of the mold 
of the upper magnetic pole 7 and the lower magnetic pole' 8, 
in a width direction of the mold 1, a plurality of convexities 
16 is disposed with a comb-tooth shape,, and each of the 
convexities 16 is wound with a coil 9 for use in both direct 
current and alternating current, in addition, at a position 
corresponding to a basis of comb shape of the upper magnetic 

pole 7 and the lower magnetic pole 8, a coil 10 for use in direct 

j 

current is wound . 

[0023] When a direct current and an alternating current are 
applied superposed to the coil 9 for use in direct current and 
alternating current, a magnetic field in which a static 
magnetic field and an alternating shifting magnetic field are 

* 

superposed is generated in the mold 1. The coil 9 for use both 
in direct current and alternating current and an alternating 
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power source are connected so as to form a shifting magnetic 

i 

field that allows the molten steel 4 to rotate in one direction 
in a horizontal direction. An applying alternating current 
is preferable to be a three-phase alternating current having 
a frequency in the range of 0 . 1 Hz to 100 Hz , or a two-phase 
alternating current of which phase is set at 90 degree, when 

i 

the frequency is 0.1 Hz or less, the agitation is weak, and 
when the frequency exceeds 100 Hz, since the magnetic flux! Is 
largely attenuated by the copper mold 1, the magnetic flux 

f 

density in the mold 1 can be maintained with difficulty, in 
addition, in view of easiness of rotating and agitating the 
molten steel in a horizontal plane, the two-phase alternating 
current whose phase is set at 90 degree is preferable. \ 

t 

[0024] Furthermore, when only the alternating current i is 
applied to the coil 9 for use in both the direct current and 
alternating current and the direct current is independently 

t 

applied to the direct current coil lo, the magnetic flux 'of 
the static magnetic field and that of the alternating shifting 
magnetic field that i s superposed on the former can be 
preferably separately determined. Furthermore, when only the 
direct current is applied to the coil 9 for use in both the 
direct current and alternating current or to the direct current 
coil 10, only the static magnetic field can be obtained between 

i 

the magnetic poles that face with the mold 1 interposed 
therebetween, and when only the alternating current is applied 
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to the coil 9 for use both in the direct current and alternatiing 
current, only the alternating shifting magnetic field can' be 



obtained ■ 



[0025] In the present invention, there are a case 1 where jthe 
direct current and the alternating current are appljied 
superposed at least to the lower magnetic poles 8 and a cjase 
2 where the direct current and the alternating current kre 
applied superposed to the upper magnetic poles 7 and only jthe 
direct current is applied to the lower magnetic poles 8 . j in 
the case 1 , an electric current applied to the upper magnetic 
poles 7 may be appropriately selected from a direct current 
an alternating current or one obtained by superposing the 
direct current and the alternating current. From jbhe 
respective electric currents, corresponding aforementioned 
effects can be expected. ! - 

[0026] At the casting, the electric currents or voltages are 
adjusted so that the magnetic flux density of the static 
magnetic field at a center of a thickness of the mold 1 Ly 
be 0.1 T or more, and the magnetic flux density of the 
alternating shifting magnetic field in the neighborhood ofj an 
inner wall of the mold 1 may be in the range of O.0OS T to L 
T. When the magnetic flux density of the static magnetic field 
is less than 0.1 T and the magnetic flux density of ihe 
alternating shifting magnetic field is l ess than 0 . 005 T ±n 
both cases, si „ ce an electromagnetic force acting on the molten 
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steel 4 is weak, the flow of the molten steel cannot I be 
controlled, in addition, when the magnetic flux density! of 
the alternating shifting magnetic field exceeds 0.2 T, an 
agitating force becomes too strong, the flow of the molten steel 
at the meniscus 14 becomes fast, there is concern about the 
inclusion of the mold powder 15. The electromagnetic force 
acting on the molten steel caused by the alternating shifting 
magnetic field is in proportion to a product of a frequency 
and a square of the magnetic flux density. At the casting, 
when the product of the frequency applied to the alternating 
shifting magnetic field and a square of the magnetic fiux 
density of the alternating shifting magnetic field is se t ; in 
the range of 2.5 * 1(T' to 1.5 x i 0 - ( Hz • T 2 ) , the molten steel 
can be sufficiently agitated owing to the alternating shifting 
magnetic field. 

[0027 ] still furthermore, Fig. 4 is a schematic sectional side 
view of a continuous casting sys tem showing another embodiment 
of the present invention, the upper magnetic pole 7 and the 
lower magnetic pole 8 are connected with the return yoke' 11 
behind the long sidewall 2 of the mold, m this case, though 
the static magnetic field cannot be applied with only one 'of 
the upper and lover magnetic poles 7,8, equipment can be forced 
smaller in size, that is, it is advantageous from the viewpoint 
of equipment cost. 

[0028] i 
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[Embodiments] in the following, embodiments of the preient 
invention in which the continuous casting system having a 
configuration shown in Fig. 1 is used are explained. 

i 

[0029] With a continuous casting system whose sectional 
dimension of a slab is 220 mm in thickness and 1200 mm in width, 
ultra low carbon Al-killed steel having a carbon concentration 
of 0.005% by weight is cast under a slab extruding speed of 
2.5 m/min. The submerged nozzle used here has a discharge 
opening diameter of 85 mm, a discharge opening angle of! 25 
degree declivity and a submersion depth of the submerged nozzle 
(a distance from the meniscus to an upper end of the discharge 
opening, is 230 nan. Furthermore, the meniscus is positioned 
at 120 mm from a top end of the mold and a length of the mbld 
is 950 mm. ! 

i 

[0030] The upper magnetic pole has a length of 240 mm in a 
casting direction, a length of 1950 mm in a mold width direction, 
and the meniscus is disposed so that it may be located at 100 
mm from a top end of the upper magnetic pole in a casting 
direction. Furthermore, the lower magnetic pole has a length 
of 240 mm in a casting direction and a length of 1950 mmUn 
a mold width direction, and a center position in the casting 
direction is disposed at 250 mm from a bottom end of the 
discharge opening. This i s positioned upward in the casting 
direction than a point where the discharge flow collides the 
solidified shell on the short sidewall side. For both of ihe 
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upper magnetic poles and the lower magnetic poles, a width 1 of 

i 

the convexity around which the coil for use in both the dir|ect 
current and the alternating current is wound is 225 mm and jsix 
convexities are provided to each of the magnetic poles. , 
[0031] For the alternating current, a three-phase alternating 

current source having a frequency of 60 Hz is used, in the 

» 

present embodiment, as a method for generating a magnetic field 
in which the static magnetic field and the alternating shifting 
magnetic field are superposed, a method in which the direct 
current and the alternating current are applied superposed! to 
the coil for use in both the direct current and the alternating 
current is used. ! 

% 

[003 2] Although a target magnetic flux density of the static 
magnetic field at the center of the thickness of the mold 5 is 
set at 0.25 T, when the direct current and the alternating 
current are applied superposed, there are cases where the 
static magnetic field decreases to substantially 0,2 T un^er 
an influence of the alternating shifting magnetic field. 
Furthermore, the magnetic flux density of the alternating 
shifting magnetic field at the inner wall of the mold is varied 
in the range of 0.12 T to 0.45 T, and adjusted, under the 

* 

conditions where matching with the static magnetic field can 

be established, to the maximum value in the range where the 

i 

flow of the molten steel at the meniscus is not disturbed. The 
magnetic fields of the upper magnetic poles and the lower 
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magnetic poles are applied in combinations shown in Tabid 1. 

[0033] 
[Table 1] 

# 

Magnetic field apply conditions and cleanliness of slabs 
(applied superposed to the same coil) 



Embodiment. s of 
the present 
invention 



Compar at i ve 
embodiments 



Magnetic field apply condition 



Upper magnetic pole 



Direct current 



Alternating current 



Direct current + 
alternating current 



Direct current + 
alternating current 



Direct current 



Alternating current 



Direct current 



tower magnetic pole 



Direct current + 
alternating current 



| Evaluation of 
cleanliness 
of slab 



Direct current + 
alternating current 



Direct current + 
alternating current 



Direct current 



Direct current 



++ 



++ 



+++ 



++ 



Direct current 



Alternating current 



Direct current + 

Alternating current 



+++; Effective 
+ + ; Relatively effective 
+; Not effective 



Alternating current 



Alternating current 
Alternating current 



[0034] Furthermore, for comparison purpose, there are 
included cases where only the direct current or the alternating 
current is applied to the upper magnetic poles and the lower 

i 

magnetic poles, and where the direct current and the 
alternating current are applied superposed to the upper 
magnetic poles and only the alternating current is applied to 
the lower magnetic poles . The magnetic field apply conditions 
of the comparative embodiments are also shown in Table r. 
[0035] The obtained slab is rolled to a steel sheet, and the 

i 

steel sheet is exposed to an ultrasonic inspection !to 
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investigate defect occurrence due to the nonmetaljlic 
inclusions. Ones low in the defect occurrence are evaluated 
high in the cleanliness . Results are shown in Table 1 . j As 
shown in Table 1, in the embodiments of the present invention, 
the cleanliness of the slab is improved. 

[0036] [Embodiment 2] m the present embodiment, as a method 
for forming a magnetic field in which the static magnetic field 

* 

and the alternating shifting magnetic field are superposed, 
the alternating current is applied to the coil for use in bbth 
the direct current and the alternating current and the direct 
current is applied to the direct current coil. other 
conditions than the above are completely the same as those of 
the embodiment 1. \ 

\ 

[0037] Even when the magnetic field in which the static 
magnetic field and the alternating shifting magnetic field are 
superposed is generated, in the present embodiment where the 
alternating current and the direct current are independently 
applied, the conditions for matching the static magnetic f iild 
and the alternating shifting magnetic field can be alleviated, 
the magnetic flux density can be relatively freely decided, 
that is, the magnetic flux density of the static magnetic field 
at the center of the thickness of the mold can be always 
maintained at 0.25 T or more. The magnetic fields of the upper 
magnetic poles and the lower magnetic poles are applied ; in 
combinations shown in Table 2. 
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[0038] 

i 

( 

[Table 2] • 

i 

Magnetic field apply conditions and cleanliness of sljabs 
(applied to separate coils) 



Embodiments of 
the present 
invention 



Magnetic field apply condition 



Upper magnetic pole 



Direct current 



Alternating current 



Comparative 
embodiments 



Direct current + 
alternating current 



Direct current + 
alternating current 



Direct current + 
Alternating current 



Lower magnetic pole 



Direct current + 
alternating current 



Direct current + 
alternating current 



Direct current + 
alternating current 



Direct current 



Alternating current 



++++; Very effective 
+++; Effective 
++; Relatively effective 
+ ; Not effective 



Evaluation of 

cleanliness 
of slai 



+++ 



+++ 



+++-*- 



++ + 



[0039] Furthermore, as a comparative embodiment, a case where 
the direct current and alternating current are applied 
superposed to the upper magnetic poles and only the alternating 
current is applied to the lower magnetic poles is carried out. 
[0040] The obtained slab is rolled to a steel sheet, and the 
steel sheet is exposed to an ultrasonic inspection 'to 
investigate defect occurrence due to the nonmetaliic 
inclusions. Ones low in the defect occurrence are evaluated 
high in the cleanliness. Results are shown in Table 2. .^As 
shown in Table 2, in the embodiments of the present invention 
where the direct current and the alternating current are 
independently applied, the cleanliness of the slabs : ±. 
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furthermore improved. In particular, under the conditions of 
the direct current and the alternating current being applied 
to both the upper magnetic poles and the lower magnetic poles, 
the maximum cleanliness can be secured. 
[0041] 

[Effects of the Invention] in the present invention, by use 
of a static magnetic field disposed below the discharge opening, 
the descending flow is inhibited from intruding into the 
un-solidified layer of the slab, resulting in an improvement 
in the cleanliness of the inner layer of the slab, and since 
the flow due to the ascending flow in the neighborhood of the 
meniscus is suppressed, the inclusion of the mold powder is 
largely reduced, and furthermore, since the molten steel is 
rotated and agitated in a horizontal direction by the 
alternating shifting magnetic field, the effect of cleaning 
the nonmetallic inclusions in the solidified shell interface 
can be secured, resulting in an improvement in the cleanliness 
at the slab surface portion. As a result, the slab clean in 
both the internal layer and surface layer can be stably 
produced . 

[Brief Description of the Drawings] 

Fig. 1 is a schematic sectional front view of a mold of 
a continuous casting system to which the present invention is 
applied and in which a slab section is rectangular. 

Fig. 2 is a schematic sectional side view of a mold of 



25 



2002$ 8jH5B 12«§03ft mVfUm-f KK N0 . 2278 , P. 28 



a continuous casting system to which the present invention is 
applied and in which a slab section is rectangular. 

Fig. 3 is a schematic diagram along an X-x section 1 of 

t 

Fig. 2. 

t 

t 

Fig. 4 is a schematic diagram showing a sectional side 

* 

view of a continuous casting system according to another 
embodiment of the present invention. 

[Description of the Reference Numerals and Signs] ! 

t 

1 mold i 



2 long sidewall of mold 

3 short sidewall of mold : 

4 — — molten steel 

s 
i 

5 submerged nozzle 

6 — — discharge opening 

7 upper magnetic pole 

8 lower magnetic pole 

9 coil for use in both direct current and alternating 

current 

10 direct current coil ! 

1 1 return yoke 

12 discharge flow 

13 solidified shell : 

14 meniscus 

15 mold powder 
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